Introduction {#sec1}
============

Many patients are unconscious at admission to the intensive care unit (ICU). This may be due to a previous in-hospital or out-of-hospital cardiac arrest, or many other, sometimes unclear, reasons. Despite the fact that outreach and early warning systems are becoming an integral part of hospital practice aiming at improving early identification and management of deteriorating patients on general hospital wards, the actual implementation of these interventions is still poor \[[@cit0001]\]. Hence, ICU admission may be preceded by profound hypoxia, hypoperfusion or metabolic abnormalities. The administration of sedatives or even muscle relaxants (urgent intubation), and delayed transfer to the ICU, increase the length of hospital stay and the mortality rate \[[@cit0002]\]. The risk of permanent anoxaemic neurological injury is very high in the period preceding admission to the intensive care area. The ICU staff may not always have the complete data regarding these events, particularly if the patient is admitted from another hospital.

Patients with neurological injury initially remain in a coma due to ischaemic encephalopathy, after which their condition begins to evolve in different directions. The final effect of treatment could be extremely disappointing (brain death or persistent vegetative state) or satisfactory (restoration of consciousness), with a large spectrum of varying degrees of damage to the central nervous system located between these two extremes \[[@cit0003], [@cit0004]\]. Early identification of patients who have no chance to regain consciousness is of great importance. Ideally, this kind of information should be obtained at the time of ICU admission.

For that reason, this issue has been the subject of numerous studies worldwide. The proposed tests to assess the likelihood of an adverse neurological outcome must have a false positive rate close to zero, otherwise there could be a risk of reducing treatment in patients who in fact have a chance of survival \[[@cit0004]\]. The usefulness of individual components of neurological examination, neuroimaging and other radiological techniques is being evaluated. The most interesting area of science, however, is the use of biomarkers, chemical substances released to the blood after each episode of neuronal injury. They could facilitate the identification of complications at a very early stage, when no clinical data indicating the occurrence of such complications are yet available \[[@cit0005]\].

Protein neuron-specific enolase (NSE) and protein S100 are currently considered the most promising candidates for neurological predictors \[[@cit0004]\]. An extensive review of recent literature shows that the assessment of protein S100 levels at admission to the ICU could be clinically more useful in predicting neurological outcome following cardiac arrest than NSE levels \[[@cit0006]\].

Several aspects of outcome following global cerebral ischaemia may be considered. The predictive value of protein S100 has already been tested with regard to patients' survival of the event \[[@cit0003], [@cit0005]\], restoration of consciousness \[[@cit0007]--[@cit0010]\] and favourable outcomes \[[@cit0003], [@cit0005], [@cit0011], [@cit0012]\].

Protein S100 is glial-specific and is expressed primarily by astrocytes. Its main role is to participate in the processes of proliferation of astrocytes and glia-neuron interactions. Protein S100 released from damaged astrocytes may induce apoptosis by activating nitric oxide. The release of protein S100 into the blood occurs as a result of a breach of the blood-brain barrier. Advantages of S100 protein include high specificity for nerve tissue and a relatively short half-life, which make it an optimal marker for early detection and monitoring of neurological injury. From a practical point of view, it is important that S100 protein may be assessed in various body fluids (serum, cerebrospinal fluid, whole blood), and that this blood test is minimally invasive and very simple to implement \[[@cit0004], [@cit0006]\].

Although there are numerous studies evaluating the usefulness of biomarkers, they vary significantly with regard to the definitions applied, time points at which samples are taken, as well as the cut-off points differentiating positive and negative outcomes. Furthermore, differences also apply to the population studied \[[@cit0006]\]. In this situation, it is hardly surprising that the obtained results are often contradictory. Consequently, there are no firm standards as to the use of biomarkers, and their clinical significance is uncertain.

Aim {#sec2}
===

The purpose of this study was to assess plasma S100B protein in predicting death, permanent neurological damage, or "unfavourable outcome" at admission to the medical ICU. This issue is of particular importance for intensive care departments.

Material and methods {#sec3}
====================

In this prospective study, 102 consecutive patients admitted to the medical intensive care unit were included regardless of their neurological status and the reason for admission to the intensive care area. No trauma patients were admitted. The concentration of protein S100 in plasma was established in all patients at admission, as a routine entry investigation. The result obtained had no impact on the clinical management and the process of treatment. Accordingly, in compliance with the decision of the Local Ethics Committee, the informed consent was waived.

Protein S100 was evaluated by means of the ELISA method, with the Cobas e411 analyser (Hitachi, Japan) and reagents by Boehringer-Manheim (Germany).

Each patient was fully assessed at admission with regard to general health status. A complete neurologic examination was performed. The presence of sedation and its type were noted. At discharge from hospital, each patient was assigned a score according to the Glasgow Outcome Scale \[[@cit0013]\].

After hospital discharge, patients were grouped according to the following final binary outcomes:

-   permanent neurological deficit or restoration of consciousness,

-   unfavourable outcome or favourable outcome,

-   death or survival.

Patients' status was classified as "permanent neurological deficit" if they did not regain full consciousness and died in a coma, or developed a minimally conscious state or persistent vegetative state according to the criteria given by Giacino *et al.* \[[@cit0014]\]. This corresponded to scores 1--3 in the Glasgow Outcome Scale. Patients' status was classified as "restoration of consciousness" if they regained full consciousness during the ICU stay -- either before discharge or before death. This is important, as the two above-mentioned groups of binary outcomes are totally independent of each other (the same patient could be classified under "survival" and "persistent neurological deficit", or as "death" and "restoration of consciousness").

Patients were classified as having an "unfavourable outcome" if they either died (with or without restoration of consciousness during the ICU stay) or survived with a permanent neurological deficit (Glasgow Outcome Scale score 2 or 3). Only survival with a complete restoration of consciousness (Glasgow Outcome Scale 4 or 5) was classified as a "favourable outcome".

The third binary outcome was either "death" or "survival". "Death" was recorded only if the patient died either during the ICU stay or in the general ward of the same hospital. Patients were not followed up after their transfer to long-term facilities or other departments outside the hospital. If a patient was discharged outside the hospital in a stable condition, this was recorded as "survival".

Forty-nine (48.0%) patients were admitted to the ICU following cardiac arrest. Cardiac arrest occurred out of hospital in 19 (18.6%) patients and in hospital (in the other ward prior to admission) in the remaining 30 (29.4%) patients. Overall, 80 (78.4%) patients were unconscious and 42 (41.2%) patients were in cardiogenic shock at admission to the ICU. Among patients who were unconscious at admission, the event most likely to cause neurological injury most commonly took place 2 days before admission (from 1 to 7 days). Patients were admitted to the ICU in a course of various diseases and for various reasons -- the largest groups were complicated acute coronary syndromes (*n* = 39), complications pre- or post-cardiac surgery (*n* = 23), acute heart failure or decompensation of chronic heart failure (*n* = 18) and exacerbation of COPD (*n* = 9). Other, less frequent reasons included such diverse medical conditions as: medical complications of pandemic influenza virus infection, medical complications in the course of cancer, suicide attempts, acute alcohol intoxication, complications following invasive cardiology procedures and various neurological disorders.

There were 64 males and 38 females in the study group. Mean age of patients was 62 ±14 years (from 18 to 82 years).

The predictive sensitivity and specificity of admission values of protein S100 were assessed for the occurrence of permanent neurological damage, unfavourable outcome and death.

Statistical analysis {#sec3.1}
--------------------

Sensitivity, specificity, positive predictive values (PPV) and negative predictive values (NPV) were calculated for each outcome separately. Sensitivity of the test was interpreted as the percentage of true positive results to the sum of true positive and false negative results. Specificity of the test was interpreted as the percentage of true negative results to the sum of true negative and false positive results. Positive predictive value of the test was interpreted as the percentage of patients with a worse outcome among patients with a positive result. Negative predictive value of the test was interpreted as the percentage of patients without a worse outcome among patients with a negative result.

The receiver operating characteristic (ROC) curves enabled us to determine the optimal cut-off point for the prediction of these outcomes. For the purpose of all calculations, the level of statistical significance was assumed as *p* \< 0.05.

Results {#sec4}
=======

Overall, out of the 102 studied patients, 40 (39.2%) died. Among patients who died, five patients were certified brain dead.

Out of the 62 (60.8%) patients who survived, only 42 had a favourable outcome and 20 patients were discharged with a permanent neurological deficit (Glasgow Outcome Scale 2 or 3). The numbers of patients in each category are given in [Table I](#t0001){ref-type="table"}.

###### 

Number of patients assigned to various categories of outcome

  Variable                                                   Death   Survival   All
  ---------------------------------------------------------- ------- ---------- -----
  Permanent neurological deficit                             30      20         50
  Restoration of consciousness (or conscious at admission)   10      42         52
  All                                                        40      62         102

Favourable outcome is shown in grey.

Mean value of plasma S100 protein level at admission was 0.59 μg/l, and 24 (23.5%) patients had their admission S100 levels higher than 0.532 μg/l. Mean admission values of protein S100 were significantly higher in patients with a permanent neurological deficit, unfavourable outcome or death, in comparison to the remaining patients ([Fig. 1](#f0001){ref-type="fig"}).

![Mean admission values of protein S100B in study subgroups](KITP-13-29006-g001){#f0001}

Plasma S100 protein levels at admission facilitated the identification of patients who later developed a permanent neurological deficit or regained consciousness (*p* \< 0.0001). The area under the ROC curve (AUC) was 0.82. With the optimal cut-off point of 0.27 μg/l, the sensitivity was 68%, specificity 89%, PPV 85% and NPV 74%. The cut-off point of 0.532 μg/l was 100% specific, but only 48% sensitive.

Protein S100 levels at admission also facilitated the identification of patients who later had favourable outcomes (*p* \< 0.0001). The AUC was 0.72. With the optimal cut-off point of 0.27 μg/l, the sensitivity was 57%, specificity 86%, PPV 85% and NPV 58%. The cut-off point of 0.532 μg/l was 100% specific, but only 40% sensitive.

Protein S100 levels at admission also facilitated the identification of patients who later died or survived (*p* = 0.0001). The AUC was 0.71. With the optimal cut-off point of 0.74 μg/l, the sensitivity was 45%, specificity 97%, PPV 90% and NPV 73%. The cut-off point of 0.532 μg/l was 90% specific, but only 48% sensitive.

The data of individual patients are shown in [Figure 2](#f0002){ref-type="fig"}. Receiver operating characteristic curves for various binary outcomes are shown in [Figure 3](#f0003){ref-type="fig"}.

![Admission plasma S100 protein levels of patients assigned to various categories of outcome](KITP-13-29006-g002){#f0002}

![ROC curves for various binary outcomes](KITP-13-29006-g003){#f0003}

Discussion {#sec5}
==========

The results of our study indicate that protein S100 B assessed at admission to the medical intensive care unit may be useful in predicting neurological outcome. Although this idea is not new, most studies originating from the intensive care area to date focus on patients following cardiac arrest \[[@cit0003], [@cit0005], [@cit0012], [@cit0015], [@cit0016]\]. In a comprehensive meta-analysis of the use of biomarkers after cardiac arrest, Shinozaki *et al.* \[[@cit0006]\] presented numerous studies confirming that protein S100 was useful in neurological prediction.

Our target group, however, was more diverse, as we aimed to answer a practical question, whether protein S100 may be used as a universal biomarker at ICU admission. In our study, approximately half of the patients suffered a cardiac arrest before admission; nevertheless, as many as 78% were unconscious at admission to the ICU due to various, frequently unknown reasons (sedation, prolonged periods of hypoperfusion, the need for urgent intubation in a general ward, etc). The period between the event with the potential to cause unconsciousness or brain damage and the ICU admission was variable (1--7 days). In contrast, the remaining 22% were fully conscious at admission. Patients were admitted with a limited spectrum of diseases (mainly cardiac patients, excluding trauma) but in varying state.

Our general ICU is not entirely typical, as it is located in a hospital with a very active cardiology and cardiac surgery department, with no emergency surgical or trauma admissions. It is therefore not surprising that as many as 39 patients were admitted to the ICU with various complications of myocardial infarction, most commonly following in-hospital or out-of-hospital cardiac arrests or due to cardiogenic shock. Another 23 admissions were linked to cardiac surgical procedures -- 3 patients were admitted due to acute haemodynamic instability before surgery, whilst 20 patients were admitted postoperatively, mainly due to neurological complications.

To our knowledge, protein S100 has never been tested in such a heterogeneous population. Accordingly, the data on the utility of the protein are somewhat limited. However, it has been confirmed that this biomarker may be potentially useful in the assessment of patients admitted with head injury \[[@cit0017]\], subarachnoid haemorrhage \[[@cit0018]\], severe sepsis \[[@cit0019]\], CO intoxication \[[@cit0020]\], and in patients on extracorporeal life support \[[@cit0021]\].

We are well aware of the fact that the inclusion of a variety of neurologic pathologies that included acute myocardial infarction, complications after cardiac surgery, encephalitis, hepatic carcinoma, alcohol intoxication, focal ischaemic stroke, and others into one group may be considered an important limitation of our study. On the other hand, each patient admitted to the ICU in a critical condition may already have a brain injury, such a population would always be heterogeneous, and the time period between the event (likely to cause brain damage) and ICU admission would always be variable (and often unknown).

For the ICU use, it is extremely important to know which factors can affect plasma levels of protein S100 in critically ill patients. It has already been confirmed that the prognostic potential of protein S100 is not affected by the type of sedation \[[@cit0022]\] and hypothermia \[[@cit0023]\], but the blood levels were higher in the presence of low systemic pressure, pH and haemoglobin in this population. Increased plasma levels of this biomarker may therefore also be influenced by tissue hypoperfusion \[[@cit0024]\].

Our main aim was to investigate whether protein S100 may serve as a prognostic tool in a heterogeneous population of patients admitted to the medical intensive care department. We hypothesized that since the mechanism of potential neurological injury in the period prior to ICU admission is usually due to global cerebral hypoperfusion, protein S100 may prove useful in this setting. Thus, the results of many studies on the use of protein S100 following cardiac arrest may potentially be extrapolated to our population. We assessed the prognostic power of protein S100 in three different aspects, as previously proposed by Shinozaki *et al.* \[[@cit0006]\], creating a dichotomous outcome of permanent neurological deficit or restoration of consciousness, unfavourable or favourable outcome, and death or survival.

In many previous studies, blood samples were taken many times, usually at regular time intervals. As a result, conclusions were based not only on the absolute values of protein S100 but also on the fluctuations of plasma levels over time. In addition, the studied groups of patients were usually more homogeneous. The aim of our study was completely different. In our everyday practice there is a frequent need to admit patients whose deterioration was overlooked in general wards, and whose admission to the ICU was preceded by a dramatic and unclear event. Patients may sometimes be sedated or even paralysed (due to recent emergency intubation).

Our aim was to assess whether a single result taken at admission could identify such neurological damage. This simplistic approach was based on the fact that most of the valuable tests for the presence or absence of a condition or a disease are usually performed only once (obviously best at admission). In our study protein S100B was able to reliably predict permanent neurological deficit or restoration of consciousness as well as unfavourable or favourable outcome, and even -- but to a lesser extent -- death or survival (although it was obviously not intended for this purpose).

Regarding the first dichotomous outcome, we were able to confirm that in a heterogeneous population of patients admitted to the ICU, plasma S100 protein levels at admission facilitated the identification of patients who later developed a permanent neurological deficit or regained consciousness, with the optimal cut-off point of 0.27 μg/l. The specificity corresponding to this cut-off value, however, was only 89%. In a study by Zingler *et al.*, specificity was fixed at 100%, creating a cut-off value as high as 5.2 μg/l -- rarely seen in clinical practice \[[@cit0010]\]. Such a radical approach is not necessary, as protein S100 should only suggest the prognosis, and we believe nobody would ever withdraw life-sustaining treatments on the basis of S100 results alone \[[@cit0004], [@cit0009]\]. Slightly more comparable results (cut-off value 0.7 μg/l, specificity 85%) were obtained by Hachimi-Idrissi *et al.* \[[@cit0007]\]. In this study, however, a very significant difference in mean values was found between patients who regained consciousness (0.8 μg/l) and those who remained comatose (4.7 μg/l) -- in our study the corresponding values were 0.2 μg/l and 1.0 μg/l, respectively.

In our study, plasma S100 protein levels at admission facilitated the identification of patients who later had favourable outcomes, defined as both survival and restoration of consciousness. This is extremely important, as out of 45 patients who were unconscious at admission and survived in the ICU, 19 (42%) were discharged to long-term facilities being either minimally conscious or in a persistent vegetative state (unfavourable outcomes). Again, we were able to demonstrate that admission protein S100 was useful in predicting such outcomes with an optimal cut-off value of 0.27 μg/l, 57% sensitivity, and 86% specificity. A similar design was found in three studies \[[@cit0003], [@cit0005], [@cit0011]\], although the authors worked with a homogeneous post-cardiac arrest population and only two of them presented their cut-off values (0.76 μg/l and 0.4 μg/l).

Lastly, in our study plasma S100 protein levels at admission enabled the identification of patients who later died or those who survived, although the predictive power was not as high as in the case of the previous two outcomes. This was to be expected, as 10 patients who later died in the ICU were fully conscious at admission and there were 20 patients with permanent neurological injury in the "survival" group. The optimal cut-off point was 0.74 μg/l, with 45% sensitivity and 97% specificity. A similar design and results are presented in a study published by Böttiger *et al.* \[[@cit0003]\] in 2001 -- the cut-off point was 0.2 μg/l, with the specificity as low as 45%. This is not surprising, as protein S100 is specific to the central nervous system and brain injury is not necessarily associated with death (and vice versa: lack of brain injury obviously does not guarantee survival). It seems to be obvious that the mortality of patients admitted to the ICU is mainly determined by their neurological outcome -- at least in patients after cardiac arrest \[[@cit0025]\]. In the reality of intensive care, however, "survival" and "favourable outcome" do not always go hand in hand,

Conclusions {#sec6}
===========

We were able to prove that plasma protein S100B could predict neurological outcome in a heterogeneous population of patients admitted to the medical ICU. Admission plasma S100B protein levels over 0.532 μg/l were 100% specific, but not sensitive for both permanent neurological deficit and unfavourable outcome.
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